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FIELD OF THE INVENTION 

The present invention relates generally to interference cancellation in 
communication systems, and more particularly to the construction of an interference 
15 matrix as part of an interference cancellation method incorporated into a spread spectrum 
receiver apparatus. The present invention also relates to matrix inversion and an efficient 
method for the determination of active channels for cancellation purposes. 

BACKGROUND OF THE INVENTION 

20 

Wireless communication systems should provide for a large number of secure (or 
private) communication channels within their allotted frequency space. In order to 
achieve these goals, spread spectrum systems have been developed. In a spread spectrum 
type system, spreading codes are used that allow multiple channels to occupy the same 

25 frequency range. In order to successfully demodulate a channel, the spreading code and 
covering code used in connection with the channel must be known. When a 
demodulation processor is tracking a particular signal path, signal paths associated with 
other transmitters appear to that processor as noise. 

In order to provide for reliable communications, spread spectrum systems 

30 typically track multiple signal paths in connection with establishing and maintaining a 
communication channel between a pair of end points. The different signal paths may 
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result from redundant signals that are provided by additional base stations and base 
station sectors, or from reflected or multi-path versions of signals. For example, direct 
sequence code division multiple access (DS-CDMA) communication systems are subject 
to interference from other DS-CDMA signal sources resulting in signal degradation. This 
5 has a deleterious effect on the acquisition, tracking and demodulation of received signals 
of interest. A system of this type is often described as being interference limited, since 
strongly interfering signals may create an upper bound on system performance. 
Therefore, a reduction in interference results in improved processing of the signals of 
interest and can thus be exploited in terms of increased system capacity, system 
10 coverage, data rate or other beneficial system parameters that improve with improved 
SNR. 

Examples of DS-CDMA communication systems include, but are not limited to 
the forward and reverse links of cdmaOne, cdma2000 or WCDMA. In the forward link 
of cdma2000, a base station transmits a plurality of signals intended for a plurality of 

15 mobile stations. The plurality of transmitted signals includes a pilot channel, a paging 
channel, a synchronization channel and a plurality of traffic channels. Each traffic 
channel is encoded, and only mobile stations that know the Walsh covering code 
associated with a particular traffic channel can decode that particular traffic channel. The 
plurality of encoded channels is then spread by a pseudo-random-noise (PN) sequence 

20 across the system bandwidth. Thus, all mobile units simultaneously share the same 
forward link frequency spectrum and the traffic channels are distinguished by their 
assigned Walsh codes and short code offsets. DS-CDMA systems use a high chipping 
rate for the PN code so that where two multipath signals are separated by more than a 
chip, the two signals appear approximately independent of each other. Most systems use 

25 a RAKE receiver architecture to combine two or more received signals to increase the 
probability of detection and the ability to correctly demodulate the signal. Each finger 
independently estimates channel gain and phase using the pilot signal to coherently 
demodulate different copies of the same signal. The traffic symbol estimates are 
combined in a combiner to provide a better estimate of the transmitted signal. 

30 Typically, the RAKE receiver fingers or demodulation fingers are assigned to the 

strongest multipath signals, in order to provide the best possible estimates of the 
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transmitted signals. As the mobile unit changes location or the signal environment 
changes, the channel will typically change and the signals will change ordering, in terms 
of power, relative to each other. The changes in the channel are due to various factors, 
including Rayleigh fading, shadow fading, scattering, diffraction and other physical 
5 phenomena that alter the path of the signals. The RAKE receiver fingers combine and 
demodulate the strongest set of multipath fingers. As the set of fingers changes due to 
fading and other mechanisms, fingers will be de-assigned and others will be assigned, so 
that the RAKE receiver contains the signal set that can provide the best possible signal 
estimates. 

10 The encoded channels broadcast by a base station generally do not interfere with 

one another due to the orthogonality of the covering Walsh codes and the quasi- 
orthogonality of the covering quasi-orthogonal function (QOF) codes. However, a DS- 
CDMA receiver is still subject to two forms of multiple access interference on the 
forward link. Co-channel interference consists of multipath copies of signal paths that 

1 5 are delayed in time with respect to a signal path of interest. In particular, such signals 
can cause interference because the orthogonality of the Walsh covering codes is lost 
whenever a time offset exists between two codes. Specifically, when aligned, Walsh 
codes form an orthogonal basis, but there may be high cross-correlation when they are 
not aligned. Cross-channel interference occurs when a combination of transmissions 

20 from more than one base station sector or base station are received at the RF front-end 
simultaneously. Each base station sector is distinguished by a unique PN short code 
offset. The PN sequence has minimal, but nonzero cross-correlation properties. This 
manifests itself as cross-correlation interference between signals originating from 
different base station sectors. As a result, a signal transmitted from another base station 

25 that is received at a high power level is capable of masking the signal of interest due to 
the non-zero cross-correlation interference of the short code and the unaligned Walsh 
codes. 

. Methods for removing interfering signal paths from received signal streams have 
been developed. For example, systems that calculate a projection operator from an 
30 interference matrix to suppress interference have been developed or proposed. 

According to one such system, multiple access interferences are ranked, an interference 
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matrix is formed using only left and right overlapping interference reference vectors 
related to a symbol of a channel of interest and a projection operator constructed with the 
interference matrix is applied directly to the reference vector, such that interference is 
suppressed. The projection operator, which projects the reference signal onto a subspace 
5 orthogonal to the interference, involves a matrix inverse. A full or pseudo matrix inverse 
computation is typically required. However, such prior art systems have been incapable 
of handling communication systems supporting symbols of different lengths. For 
example, such interference cancellation systems are unable to cancel interference from 
signal paths in which the interference consists of symbols having lengths that are less 

10 than half the length of symbols contained in a desired signal path, because the 

interference matrix formed using left and right overlapping interference reference vectors 
cannot span the longer symbol of interest. Accordingly, such systems cannot be applied 
to recent spread spectrum communication systems, such as CDMA 2000 that support 
supplemental (short) Walsh covering codes. 

15 With respect to the need for inverting matrices in the calculation of the projection 

of the reference signal onto a subspace orthogonal to the interference, various methods, 
commonly referred to as QR methods, have been developed. The QR methods may be 
used to decompose a given matrix into an orthonormal basis providing a simple matrix 
inverse operation. For matrix inversions in a projective subspace apparatus, the 

20 normalization step is unnecessary. Therefore, such methods introduce computationally 
expensive and unnecessary steps. Accordingly, prior art interference cancellation 
systems requiring matrix inversion computations have been computationally inefficient. 
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SUMMARY OF THE INVENTION 



The present invention is directed to addressing these and other problems and 
disadvantages of the prior art. According to an embodiment of the present invention, a 
method and apparatus for canceling interfering signals in connection with a spread 
spectrum communication system are provided. According to another embodiment of the 
30 present invention, an interference matrix is formed having more than two interference 
vectors related to a symbol of a signal path channel of interest. Accordingly, the present 
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invention can be applied to communication systems that support channels having 
symbols of different lengths. In accordance with a further embodiment of the present 
invention, a method and apparatus for efficiently inverting a matrix in connection with 
interference cancellation are provided. 
5 According to an embodiment of the present invention, a signal path selected for 

cancellation from a signal stream carrying a desired signal path is identified. An 
interference matrix is then constructed representing the interfering signal path(s). The 
interference matrix includes a number of interference vectors for each symbol of a signal 
path channel to be canceled, and is particularly applicable in connection with interfering 

10 signal paths having symbol boundaries that are not aligned with the symbol boundaries of 
a desired signal path. Without loss of generality, the first and last vectors correspond to 
partial symbols and the interior vectors to a complete symbol or symbols included in an 
interfering signal path of independently modulated symbols that overlap the symbol of 
interest in time. All of the vectors of the interference matrix contain nonzero values such 

15 that the sum of the non-zero values of the interference vectors is equal to the length of the 
symbol of interest. More particularly, if the symbols within the interfering signal path 
channel are x chips long, and the first interference vector has z nonzero chips (i.e., z 
chips of a first symbol in the interfering signal path overlap with chips included in a first 
symbol transmitted by the desired signal path), the last interference vector will contain x- 

20 z nonzero chip values. In accordance with another embodiment of the present invention, 
the interference matrix includes, in general, a number of vectors that is equal to the 
largest whole number obtained by dividing the number of chips within a symbol included 
in a symbol transmitted by the desired signal path by the number of chips included in a 
symbol transmitted by the interfering signal path, plus one. If the interfering symbol 

25 length is longer than that of the symbol of interest the number of interference vectors is 
reduced to a maximum of two. However, note that when symbol alignment occurs or if 
one interfering symbol completely overlaps the symbol of interest the number of 
interference vectors may be reduced to one. 

In accordance with another embodiment of the present invention, a method and 

30 apparatus for efficiently inverting a matrix, such as a matrix produced by performing 
mathematical operations on an interference matrix for use in connection with an 
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interference cancellation system, is provided. In particular, matrix inversion may be 
performed using a pseudo inverse in connection with a matrix that is less than full rank. 
In particular, the basis can be orthogonalized, without requiring a normalization step, 
resulting in a trivial matrix inversion and computation. 
5 In accordance with another embodiment of the present invention, a Fast Walsh 

Transform (FWT) for generating reference signals to enable cancellation in connection 
with different length Walsh codes is provided. Furthermore, the disclosed Fast Walsh 
Transform can be used in connection with determining active channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram depicting an interference cancellation-enabled receiver 
constructed in accordance with an embodiment of the present invention; 

Fig, 2 is a depiction of the interaction between the signal cancellation module and 
demodulation finger of Fig. 1; 

Fig. 3 is a depiction of the construction of interference reference signals based on 
symbol overlap; 

Fig. 4 is a depiction of the construction of interference reference signals based on 
symbol overlap of a supplemental channel; 

Fig. 5 is a depiction of the apparatus for the orthogonalization of a matrix; 

Fig. 6 is a depiction of the channel determination and ranking circuit of Fig. 1; 

Fig. 7 is a depiction of the process flow of the Fast Walsh Transform (FWT); and 

Fig. 8 is a depiction of the process flow of the interference cancellation-enabled 
enabled receiver in Fig. 1. 

DETAILED DESCRIPTION 
A direct sequence code division multiple access (DS-CDMA) communication 
30 system includes a plurality of base stations and mobile stations. With reference now to 
Fig. 1, an interference cancellation enabled receiver 100 in accordance with an 
embodiment of the present invention is illustrated. As depicted in Fig. 1, signals are 
provided to a radio frequency front end 104 by an antenna 108. In a typical environment, 
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a number of different signals, for example, signals produced by different base stations, 
different sectors of a base station, or multipath or reflected versions of the signals can be 
received at the radio frequency front end 104. As can be appreciated by one of skill in 
the art, signals from different base stations or different sectors of a base station are 
5 typically identified by an associated path number or pseudo-random number (PN) offset, 
which identifies the base station or base station and sector according to the time offset of 
the signal path. Multipath versions of signals are identified by the path number relative 
to the corresponding line of sight version of the signal plus an additional time offset to 
account for the longer path followed by the reflective signal. As can further be 

10 appreciated by one of skill in the art, signal paths from different sources are typically 
separated by a distance (e.g., an integer multiple of 64 chips) sufficient to allow 
multipath versions of signal paths to be correctly associated with the appropriate source. 

The RF front end 104 down samples the radio frequency signal and separates the 
signal into a complex baseband signal (or raw signal stream) 1 12 with in-phase (I) and 

15 quadrature (Q) components. It will be recognized by those skilled in the art that the 

processing depicted and described in connection with the present disclosure includes both 
the I and Q channels, even when only one connection or signal path is depicted. 

The raw signal stream 1 12 collected by the receiver 100 and down converted by 
the RF front end 104 is provided to a searcher finger 1 16. The searcher finger functions 

20 to scan the signal stream 1 12 for individually identifiable signal paths and/or multipath 
signal paths. In particular, the searcher finger 116 operates to determine the path number 
or PN code offset associated with each identifiable signal path. As noted above, the PN 
code identifies the signal path as being associated with a particular base station or base 
station sector. In code division multiple access (CDMA) systems, the PN code sequence 

25 is referred to as the short code and a signal path is identified by a PN code offset. 

The searcher finger 116 reports the signal paths that have been identified to the 
controller 120. The controller 120 may use the information provided from the searcher 
finger 1 16 to determine which signal paths to acquire and track. In general, the number 
of signal paths that a receiver 100 can be directed to track is limited by the number of 

30 demodulation fingers 124 provided as part of the receiver 100. In assigning a 

demodulation finger 124 to acquire and track a signal path, the controller 120 may 
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provide information regarding the PN code offset, any additional time offset associated 
with the signal path and the observed signal strength for the assigned signal path. In Fig. 
1, only two demodulation fingers 124a and 124b are shown. However, it should be 
appreciated that any number of additional demodulation fingers 124 may be provided. 
5 As shown in Fig. 1, the baseline controller 120 may be in communication with a 

cancellation controller 128. As will be described herein, the cancellation controller 128 
is capable of providing signal streams to some or all of the demodulation fingers 124 with 
a corresponding interference cancelled reference vector. In particular, the cancellation 
controller 128 assigns a demodulation finger 124 to track a signal path of interest. If a 

10 signal path that has been acquired and tracked by a finger 124 is interfering with the 
ability to acquire and track another signal path in another finger 124 (e.g., multipath 
signals, fingers in soft handoff and fingers not in soft handoff) the cancellation controller 
128 can remove the interfering signal path by projecting the reference signal for the 
signal path of interest onto a subspace orthogonal to the interference. In accordance with 

15 the embodiment illustrated in Fig. 1, the cancellation controller 128 includes one or more 
channel determination modules 132 and one or more signal cancellation modules 136. In 
general, the channel determination module 132 ranks the interference for each finger and 
selects the interference to be suppressed or cancelled. The signal cancellation module 
136 calculates the projection operator orthogonal to the selected interference. The 

20 projection operator 140 may be applied to the reference signal for the channel of interest 
and provided to a demodulation finger 124 such that data associated with a desired signal 
path may be demodulated in connection with an interference suppressed reference signal. 
The resulting demodulated signal path may be provided to the cancellation controller via 
a cancellation signal line 144, or to the symbol combiner and processor 148 over finger 

25 output signal lines 152. The symbol combiner 148 combines the demodulated signal 

paths provided by the demodulation fingers 124. Accordingly, the symbol combiner 148 
and the demodulation fingers 124 may collectively comprise a rake receiver. 

As can be appreciated by one of skill in the art, a DS-CDMA communication 
system typically consists of a plurality of base stations and mobile stations. In general, 

30 each base station transmits a plurality of encoded channels at a radio frequency (RF) that 
is received by the RF front end 104 of a mobile unit's receiver. The received RF signal 
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consists of an RF carrier modulated by a base band signal spread with the short code and 
Walsh covered, to provide multiple access channelization. In a typical implementation, 
each base station is distinguished by a short code offset (0-5 1 1) with sufficient chip 
separation to differentiate between signals from different base stations in the vicinity. 
5 Each mobile station is assigned a unique Walsh covering code (or traffic channel) by the 
base station that is orthogonal to all other Walsh codes assigned to other mobile stations. 
An exception to this is the use of quasi orthogonal functions (QOFs) for covering short 
code spread signals in certain radio configurations when additional Walsh codes are 
unavailable, which do have a cross correlation, albeit a minimal cross correlation. 

10 In cdma2000, which is inclusive of the TIA/EIA IS-95 standard, supplemental 

channels, consisting of shorter length Walsh codes derived from smaller Hadamard 
matrices, can be assigned by the base station to mobile units for use as high data rate 
traffic channels. In addition to the assigned traffic channels assigned to the mobile unit, 
the base station transmits common channels including pilot, paging and synchronization 

15 channels. The pilot channel is used for the identification of a CDMA system, for system 
power estimation, system acquisition and tracking, and coherent demodulation of other 
channels. The paging channel is used for paging communication with the mobile, 
typically consisting of call initialization information. The synchronization channel is 
used for timing synchronization between the base station and the mobile station. 

20 With reference now to Fig. 2, functional aspects of the cancellation controller 128 

and demodulation fingers 124 are depicted. In particular, the received signal stream 1 12 
or 140 is despread 204 by the short code 208 associated with a desired signal path. The 
resulting despread signal 212 is summed over a number of chips corresponding to the 
chip length of symbols included in the desired signal path by a summer 216. The 

25 resulting signal is the pilot channel 220 for the desired signal path, which is Walsh zero. 
As can be appreciated by one of skill in the art, in connection with a TIA/EIA IS-95 
system, this signal path is summed over 64 chips. For CDMA2000 radio configurations 
that employ longer symbol lengths, the pilot channel will be summed over the 
appropriate symbol length. The channel estimator 224, which may be implemented as 

30 part of the cancellation controller 128, may then determine the gain, phase and other 
parameters associated with the despread signal 220. 



9 



The received signal stream 1 12 or 140 is also sent to a correlator 228. The 
correlator 228 may be implemented by a combination of the functions performed by the 
cancellation controller 128 and the demodulation finger 124 assigned to the received 
signal stream 1 12 or 140. In the correlator 228, the received signal stream 1 12 or 140 is 
5 operated on element-wise by a multiplier 232 with a reference signal 236 that is 

orthogonal to the interference to be suppressed. As will be described in greater detail 
elsewhere herein, the orthogonal reference signal 236 is produced by projecting a desired 
code 256 onto a subspace orthogonal to the interference 252 to be canceled. 
Accordingly, by combining the received signal stream 1 12 or 140 with the orthogonal 

10 reference signal 236, interference from an interfering signal path is removed to provide a 
despread signal stream 140'. The despread signal stream is then summed over a symbol 
length in a summer 240 to produce demodulated data 244. 

The orthogonal reference signal 236 is calculated in a reference signal calculation 
module 248. In general, the reference signal calculation module 248 may be 

15 implemented as part of or in connection with the cancellation controller 128. The inputs 
to the reference signal cancellation module 248 include the covering code or codes to 
suppress 252, the covering code of the desired channel (i.e., the code for the desired 
channel to be demodulated) 256, and the spreading short code 208, with an offset 
corresponding to the base station of interest (i.e., the desired signal path). As used 

20 herein, it should be appreciated that the term base station may refer to a single base 
station sector in the case of a communication system utilizing sectorized base stations. 

In general, the reference signal calculation module 248 applies the various inputs 
to construct an interference matrix. The interference matrix comprises vectors 
representing components of the signal path to be canceled. More particularly, the 

25 interference matrix includes interference vectors corresponding to the interfering Walsh 
code or codes, multiplied by the spreading code. Furthermore, for symbols included in 
an interfering channel having elements that overlap with a single symbol of interest, the 
values of those elements are included in the interference matrix. For elements of a 
symbol associated with an interfering channel that do not overlap the symbol of interest, 

30 the element values are not included in the interference matrix. 
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More particularly, consider a Walsh symbol of interest in which the boundaries of 
the interfering signal symbols do not align with the symbol boundaries of the symbol of 
interest. Let Sjj L represent the interference vector for an interfering symbol having a left 
side (i.e. having one or more non-zero elements including at least a first element of the 
5 interfering symbol) overlapping the symbol of interest in signal path j 9 Walsh code /. The 
interference vector corresponds to the interfering Walsh code, multiplied by the 
spreading code and is nonzero for those elements of the interfering signal that overlap the 
symbol of interest. The remainder of elements in the interference vector that do not 
overlap the symbol of interest are not included in the interference vector. Consider a 

10 length N chip symbol of interest that is overlapped by two adjacent interfering symbols 
of length N chips from another multipath or base station. The interference signal can be 
represented as the two symbol sequence sj, S2, . . Sn, Sn+i, sn+2, . . ., S2N in chips. The 
overlap occurs between the first chip of the symbol of interest at the kth chip, i.e. Sk, of 
the first overlapping interferer. However, in the special case where the interfering 

15 symbol and symbol of interest are aligned there is no need to separate the reference 

signal into left and right components. The interference vector corresponding to the left 
side overlap is given as: 

S0,1 L= {Sk+l, Sk+2, s N > 0, 0, 0} 

20 

After the end of the first partial interfering symbol of interest, the remainder of the 
interference vector corresponding to the left side overlap is padded with zero elements so 
that the total number of elements is equal to the total number of chips comprising a 
symbol in the desired signal path. Similarly, for an interfering symbol having a right side 
25 (i.e. having one or more non-zero elements including at least a last element of this 
interfering symbol) overlapping the symbol of interest the interference vector 
corresponding to the right side overlap is given as: 

S0,1 R = {0, 0, 0, Sn+1, Sn+2, ..-> SN+k} 

30 
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The interference vectors are split into left and right halves since the two symbols that 
overlap the symbol of interest are modulated independently. Since the pilot channel is a 
non-information bearing channel and is only spread by the short code, it is not necessary 
to separate the reference signal into left and right halves. An interference vector 
5 corresponding to the pilot channel is given as: 

SOJ = {Sk+l, Sk+2, Sn, S N +1, S N +2, Sn+1c} 

Fig, 3 depicts a simplified example of the construction of the interference 

10 reference signals. The signals are short code despread and the Walsh codes are of length 
8. It will be recognized by those skilled in the art that this example can be extended to 
Walsh codes of arbitrary length and will incorporate the spreading short code. Two 
signals are received, a signal path of interest 300 containing a channel to be demodulated 
304 having a Walsh 1 covering code and an interfering multipath 308, delayed in time, 

15 such that the symbol boundaries 3 12a and 3 12b of the multipath 308 are not aligned with 
the symbol boundaries 316a and 316b of the symbol of interest 300. In this example, the 
interfering channels 320, 324, 328 use Walsh covering codes 0, 1 and 3. Since the first 
interfering channel 320 is the pilot channel (Walsh 0) and is not an information-bearing 
channel, the reference signal does not have to be separated into left and right halves, i.e. 

20 uo,2 may be used. The symbols corresponding to Walsh codes 1 and 3 (i.e. channels 324 
and 328) are modulated independently, so the reference signals for these channels 324, 
328 must be separated into right and left halves. In particular, for each interfering 
channel to be cancelled, the symbol having elements including at least a last element that 
overlaps the symbol of interest has at least one non-zero element on a right side of the 

25 vector, and the symbol having at least a first element that overlaps the symbol of interest 
has at least one non-zero element at a left side (i.e. as a first element). The remainder of 
the elements in each half is then padded with zeros (i.e. those elements not overlapping 
an element of the symbol of interest are not included in the interference vector 
construction). 

30 For communication systems that support supplemental channels, which use 

shorter length Walsh codes, the generation of interference reference signals for 
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cancellation is a more complex procedure. As used herein, the term reference signal 
refers to a sequence of values that are replicas of the transmitted code. For example, a 
reference signal may comprise a signal modulated by a PN spreading code and/or a 
Walsh covering code. In particular, where an interfering signal path comprises symbols 
5 having shorter length Walsh codes than the symbols corresponding to the desired signal 
path, there are in general more than two overlapping or partial symbols per symbol of 
interest. For example, if the interfering supplemental channel is length 16 and the signal 
of interest is covered by a length 64 Walsh code, five reference signals will typically be 
needed to span the symbol of interest unless there is symbol boundary alignment, in 

10 which case the number of reference signals may be reduced by one. In particular, unless 
the symbol boundaries of symbols within the desired signal path are aligned with symbol 
boundaries within the interfering signal path, partial interfering symbols will overlap on 
either end of the symbol of interest, and three other (full) symbols will be contained 
within the 64 chip symbol of interest. The remaining elements in the reference vectors 

15 will be zero padded. 

Fig. 4 depicts a simplified example of the construction of the interference 
reference signals for a supplemental channel 404 (reference vectors s 0,4 3,2, s 1,4 3,2, s 2 ' 4 3,2), 
in addition to interference reference signals for the interfering symbols for a channel 408 
using symbols that are the same length as the symbol of interest 412 (reference vectors 

20 s L i,2 and s R i,2) and for the pilot channel 416 (reference vector 80,2). The signals are short 
code despread and the Walsh codes are of length 8 for symbols in the desired signal path, 
length 4 for the supplemental (interfering) channel and length 8 for the remaining 
interfering channels. It will be recognized by those skilled in the art that this example 
can be extended to Walsh codes of arbitrary length. In this example, two signals are 

25 received, a signal path of interest 420, including a channel of interest 412 using a Walsh 
1 covering code and an interfering multipath 424, delayed or shifted in time, such that the 
symbol boundaries are not aligned with the symbol boundaries of the signal path of 
interest 420. The interfering supplemental channel 404 shown is Walsh code 3 of length 
4. Symbol p 428 of the signal of interest is overlapped by symbols 2/-1 432, 21 436 and 

30 2/+1 440 of the supplemental channel 404. In addition, the symbol of interest 428 is 
overlapped by symbols q-1 444 and q 448 of the interfering channel using a Walsh 1 
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covering code 408 and a symbol length of 8. Each symbol is independently modulated, 
so each symbol or partial symbol to be canceled from each symbol of interest is 
contained within a separate reference signal. The notion s n,m jj represents the nth symbol 
of length m overlapping the symbol of interest, signal path j\ Walsh symbol /. The other 
5 elements in each reference vector are padded with zeros appropriately. As noted above, 
the set of interference reference signals illustrated in Fig. 4 includes Walsh codes 1 and 3 
of length 8, as depicted in figure 3. Accordingly, the interference matrix S 452 for the 
example given in Fig. 4 includes a single vector so,2 for the pilot channel 416, two 
interference vectors s L i,2 and s R i,2 for the interfering channel 408 using length 8 symbols, 
10 and three vectors s 0 ' 4 3,2, s l ' 4 3,2, and s 2 ' 4 3,2 for the supplemental interfering channel 404. 

The interference vector set for each interfering channel and the single interference 
vector for the pilot to be cancelled, form the interference matrix S. The projection 
operator that projects a reference vector onto a subspace orthogonal to the space spanned 
by the vectors of the interference matrix S is given as: 

15 P, 1 =I-S(S T S)- , S r 

where I is the identity matrix. The projection operator is independent of interference 
vector magnitude and completely suppresses the interference that lies in the space 
spanned by the set of vectors s that comprise the matrix S. The projection operator can 

20 be applied to the reference signal, which is a replica of the signal of interest to be 

demodulated, in order to completely suppress the interference in the correlator. When 
the reference signal with the interference removed is applied to the data, only 
contributions in the received signal orthogonal to the interference will be detected. 
The grammian term S T S is a square matrix, whose dimension is equal to the 

25 number of interference vectors that are included in S. One may perform the full inverse 
of the matrix, or if the matrix is less than full rank, a pseudo inverse may be performed. 
Approximations to the inverse may reduce computational complexity, but may not 
provide comparable precision to the full matrix inverse. Matrix inversions can be 
computationally simplified using QR methods, such as Householder, Givens and Gram- 

30 Schmidt methods. The QR methods may be used to decompose a given matrix into an 
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orthonormal basis. For matrix inversions in a projective subspace apparatus, the 
normalization step is unnecessary and adds an additional computational step. 

A method for orthogonalizing without the unnecessary normalization step in 
signal processing applications is put forth in pending U.S. Patent Application No. 
5 09/988,219, filed November 19, 2001, entitled "A Method and Apparatus for 

Implementing Projections in Signal Processing Applications," assigned to the assignee of 
the present invention, the entire disclosure of which is hereby incorporated by reference. 
It provides a method for calculating the (S T S) -1 inverse Grammian term without the need 
for matrix inversions or square root computations. Approximate methods, as put forth in 
10 prior art, can be useful in simplifying the computation, such as 

^<s..,x> 

'•"'-g-tr-' 

However, such simplifications may result in an unacceptable loss of accuracy since the 
basis is not orthogonal and it does not take into account the cross-correlation properties 
of the interference vectors. 
15 The S matrix is composed of r vectors, i.e. Si, S2, . . ., s r . The projection operator is 

constructed in the following steps: 



A. Assign Si as a first basis vector ui ; 

B. Determine Gi, where u t T u t = o t ; and 
20 C. Store u t ; 

D. Compute the inner products of s t +i and vectors U] through u t by utilizing a 
multiply-add-accumulator (MAC) t times; 

E. Multiply the inner product with the respective scalar l/o t and thereby 
creating the first intermediate product; 

25 F. Scale each respective basis vector u t by multiplying each respective first 

intermediate product with each respective basis vector u t ; 

G. Obtain the vector sum from step F; 

H. Subtract the vector sum from s t +i to obtain the next basis vector u t +i; 
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I. Compare u t +i to a predetermined value and if equal to or less than the 

value, go to step N; 
J. Store u t +i; 

K. Determine an inner product of u T t +iu t +i; 

L. Determine the reciprocal of step K which is l/a t +i; 

M. Store l/a t +i; 

N. Increment t; 

O. Repeat steps D through N until all the s vectors have been processed, 

when t = r and r is the total number of spread signal s vectors of interest; 
and 

P. Determining P s x where: P/ = I - U(U T U)- 1 U T . 

Q. Apply P s x to the reference signal x, i.e. P s x x = x - U(U T UT ! U T x . 

Since the PN spreading code, for example the short code, is much longer than the 
symbol length and only repeats every 512 symbols, the interference cancellation has to be 
performed for each symbol since the interference is time varying. 

The data flow associated with the process of orthogonalization without the 
unnecessary normalization step is depicted in Fig. 5. The inner product of the t+lth 
interference vector 501 and all / orthogonalized vectors 502 in the vector store 520 are 
performed in the MACs in 503. The vector store 520 contains the /-dimensional basis 
computed thus far for the present symbol. The resulting scalar 504 is multiplied in 507 
by the / scalars 506 to form an intermediate product. The intermediate product is 
multiplied by the orthogonalized vectors 502 in scalar vector multiply block 509 to form 
a set of / scaled vectors 512. The set of t scaled vectors are summed element-wise in 
summation block 5 1 1 to form a composite vector 514. The vector sum 5 14 is subtracted 
from the t+lth reference signal 501 in vector subtraction block 516. In block 519 a 
determination is made as to whether the difference 5 1 8 output by the vector subtraction 
block 516 is equal to the zero vector. If the resulting difference 518 is equal to the zero 
vector or if it is less than a predetermined metric it is excluded from the basis. 
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Otherwise, it is added to the vector store 520 and sent to a MAC 521 where the square of 
the magnitude is calculated 522, The reciprocal is computed in 523 and is stored in 524. 

In Fig. 6, an apparatus is depicted that ranks interference and determines which 
interference vectors are included in the construction of the interference matrix. The 
5 interference ranking circuit includes a plurality of Fast Walsh Transform (FWT) 
operators 610 and 610', a selector 620, a combiner 630, an estimate block 640 and a 
ranking circuit 650 and 650\ In the illustrated embodiment, the plurality of FWT 
operators includes one FWT operator per demodulation finger of the RAKE receiver. In 
other embodiments, the FWT operators may be shared among the RAKE fingers. The 

10 FWT operators produce an indication of which channels are present in a received DS- 
CDMA signal. The FWT operators essentially correlate the despread signal produced by 
the despreader against all possible Walsh code symbols that may have been broadcast by 
the transmitter. For certain cdma2000 embodiments, this is inclusive of quasi-orthogonal 
functions (QOFs). The indication of which channels are present may also include an 

15 indication of received signal strength or of signal energy. 

According to an embodiment of the present invention, the Fast Walsh Transform 
(FWT) method is used in a novel manner to perform additional operations of channel 
estimation, comparison of the channel amplitude with a pre-determined threshold, and the 
use of certain channels to construct an interference matrix for use in subsequent 

20 interference cancellation operations for all Walsh code lengths. The process begins with 
the shorter Walsh codes (supplemental channels) and searches for longer Walsh codes in 
the same family if the shorter ones have not been determined to be present. Such a Fast 

Walsh Transform method is described in U.S. Patent Application Serial No. , 

filed October 15, 2003, entitled "Method and Apparatus for Channel Amplitude 

25 Estimation and Interference Vector Construction", and U.S. Provisional Application 

Serial No. 60/418,187, filed October 15, 2002, which are assigned to the assignee of the 
present invention, the entire disclosures of which are incorporated herein by reference. 

Fig. 7 illustrates the steps involved in implementing the FWT. The apparatus 
uses short code despread and phase stripped data as inputs in step 720 and performs Fast 

30 Walsh step update 730 on the data. The process begins with the shortest allowed Walsh 
codes and increases level by level to longer codes. If the Walsh step leads to a vector 
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with valid channel data in 740 (for example, in Radio Configurations 3 and 4 in 
cdma2000, it is checked against a threshold in step 750). The Walsh level is then 
incremented 770, and the process repeats until step 780 reveals that there are no more 
valid Walsh levels as specified by the maximum symbol length in the standard. Once an 
5 active Walsh code is found, all other longer Walsh codes in the same family are 
disallowed. Moreover, certain Walsh families or Walsh codes are disallowed due to 
orthogonality requirements or correspond to reserved channels. 

The selector 620 selects which FWT operator 610 and 610' outputs to combine in 
the combiner 630. The selector 620 is controlled by a control signal received as an input 

10 from the cancellation controller 190. In accordance with the present invention, some 
demodulation fingers 124 of the RAKE receiver circuit may be assigned solely for the 
purpose of measuring interference parameters. One or more fingers may be assigned to 
base stations with which the mobile unit is in soft hand-off. Moreover, one or more 
fingers may be assigned to base stations with which the mobile unit is not in soft hand-off 

15 for the purpose of measuring interference. If two or more fingers are assigned to the 
same sector, the selector 620 selects those two or more fingers and provides them 
together to the combiner 630 so that they may be combined to give the best estimate of 
traffic channels present and channel strength. 

After the channels have been combined, if necessary, the indications of channels 

20 present are provided to the estimate block 640. The estimate block 640 forms an estimate 
of the channels present at each finger and provides the estimate to the ranking circuit 650 
and 650'. The ranking circuit 650 and 650' ranks the channels according to a 
predetermined criteria. The ranking circuit includes a first finger ranking circuit 650 and 
a second ranking circuit 650'. It will be obvious to those skilled in the art, that the 

25 number of ranking circuits may be arbitrarily increased. Ranking is done because not all 
interference should be suppressed. A tradeoff exists between the amount of interference 
suppressed and the amount of signal energy lost of the signal of interest. 

For a particular finger, the strength or weight assigned to each interference vector 
is typically proportional to the following: (i) the amount by which the interference vector 

30 overlaps with the symbol interval of the finger under consideration; and (ii) the 

magnitude of the interference vector. An interference vector is a particular Walsh code 
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corresponding to a particular base station and delay. Any suitable process may be used to 
rank the interference, and any other suitable parameters may be used for ranking. In the 
preferred embodiment, interference ranking is applied separately for each receiver circuit 
or receiver finger assigned to multipath from sectors in soft handoff with the mobile unit. 
5 The ranking circuit produces a set of codes to suppress. The codes to suppress are 

interference vectors selected from the ranked interference list for the given finger. In the 
illustrated embodiment, the interference vectors are partially overlapping spread Walsh 
codes from this base station sector and other base station sectors. In these embodiments, 
a spread Walsh code refers to a Walsh code multiplied by a PN spreading sequence. The 

10 codes to suppress are provided by the ranking circuit 650 to an orthogonal projection 
calculator 248 associated with an appropriate finger. 

The orthogonal projection calculator 248, in response to the codes or interference 
vectors to suppress and the desired Walsh code and short code sequence, calculates an 
orthogonal projection of the desired spread Walsh code relative to the selected set of 

15 interference vectors. In the illustrated DS-CDMA embodiment, the desired code is the 
assigned Walsh code for the finger multiplied by the appropriate PN spreading sequence. 
After calculation of the orthogonal projection of the desired spread Walsh code, the 
finger uses the resulting orthogonal projection reference signal (rather than the desired 
code or Walsh code itself) in its correlator 228. The orthogonal projection reference 

20 signal is provided to the traffic despreader. The traffic despreader despreads received 
chip data by applying the orthogonal projection reference signal as a despreading code. 
The summer 240 sums a predetermined number of chips of despread data, i.e. 
corresponding to the length of the symbol of interest, which is provided to the controller 
as demodulated data. By taking the projection of the Walsh code orthogonal to the 

25 interference, the designated interference is completely suppressed. 

Referring to Fig. 8, a flow diagram illustrates a method for operating a 
communication device such as the receiver 100 depicted in Fig. 1 according to an 
embodiment of the present invention. The method 800 begins at step 802. 

At step 804, fingers or other receiver circuits are each assigned to a signal path. 

30 Generally, all available fingers may be assigned and not left idle. Furthermore, the 

fingers may be used for combining multipath versions of a desired signal path or are used 
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to identify interference associated with other signal paths. Each receiver circuit is 
assigned to one multipath element. At step 808, for each assigned finger, the multipath 
delay is measured. At step 810, it is determined which traffic channels are present at 
each assigned finger. The Fast Walsh Transform (FWT) is a suitable method for 
5 accomplishing this. 

The method continues at step 812, where the interference is ranked for each 
finger. A list of interference is prepared, ranked by amplitude of the interference, the 
overlap with the symbol interval, or any other predetermined criteria. In the illustrated 
embodiment, the amplitude of the interference is used for ranking. The different traffic 

10 channels from a sector will have different amplitudes. Preferably, a list of interference is 
prepared for each finger, ranking the different interference received by the finger. 
Alternatively, a single list of all interference may be prepared, or multiple lists associated 
with different fingers. In the illustrated embodiment, the Walsh codes corresponding to 
the multipath are ranked. The ranked lists of interference are typically stored in memory 

15 in the RAKE receiver or in the controller or any other suitable location. Thus, at each 
receiver circuit, interference vectors or codes are ranked according to predetermined 
criteria. 

At step 814, the interference to be suppressed is selected using the ranked lists of 
interference. Selection may be made using any suitable criteria. For example, the top 

20 five interference vectors from each finger's list may be selected, or the top twenty of all 
ranked interference vectors may be selected, or according to some other selection criteria. 
Moreover, if the symbol overlap is quite asymmetric then it may also be possible to only 
include the partial interference vectors with less zero padding then the complementary set 
with more zero padding to reduce the matrix rank. For the case of supplemental channels 

25 (short Walsh codes), it may be possible to only include the full symbols and exclude the 
partial symbols resulting from overlap. Since the number of reference signals for 
supplemental channels, with short Walsh codes, can be much greater than the number of 
interfering signals ranking is important. For example, to cancel a length 4 Walsh code 
from a 64 length Walsh code, there will be 16 reference signals if the symbols are aligned 

30 to boundaries or 17 with misalignment. Since the 2 partial symbols of the 17 symbols 
will only partially overlap, it may be useful to exclude them and use the resulting 15 for 
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the construction of the interference matrix. Note that there is a balance between 
suppressing the interference and canceling too much of the signal of interest. The 
selected interference vectors are provided as codes to be suppressed. 

Using the selected interference vectors, the orthogonal projection of the desired 
5 code or assigned spread Walsh code is calculated, step 816. The orthogonal projection is 
orthogonal to all of the selected interferers. At step 818, the received data is correlated or 
despread using the calculated orthogonal projection and summed. By using the 
orthogonal projection, all interference corresponding to the selected interference vectors 
is completely suppressed. Preferably, step 816 and step 818 are performed on a finger- 

10 by-finger basis, with correlation being performed independently at each finger to 
suppress interference at that finger. 

At step 820, the demodulated data estimates from the fingers assigned to 
multipath from sectors in soft handoff are combined, and at step 822 the transmitted 
symbol is decoded for further processing. Thus, data estimates from the individual 

15 fingers, improved by interference suppression, are combined to form received signals. 
The method ends at step 824, but may resume again for error suppression, detection and 
decoding of a subsequent symbol. 

Although the description provided herein has at times used examples of receivers 
comprising cellular telephones in spread spectrum systems, it should be appreciated that 

20 the present invention is not so limited. In particular, the present invention may be 

applied to any wireless communication system component implementing a wireless link 
or channel capable of using a plurality of channels simultaneously. Accordingly, the 
present invention may be used in both mobile devices, such as telephones or other 
communication endpoints, or in wireless base stations or nodes. Furthermore, the present 

25 invention is not limited to terrestrial applications. For example, the present invention 

may be used in connection with satellite communication systems. In addition, the present 
invention is not limited to voice communication systems. For example, embodiments of 
the present invention may be applied to any multiple channel system, including radio 
locating systems, such as the global positioning system (GPS), multi-media 

30 communications, and data transmission systems. 
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The foregoing discussion of the invention has been presented for purposes of 
illustration and description. Further, the description is not intended to limit the invention 
to the form disclosed herein. Consequently, variations and modifications commensurate 
with the above teachings, within the skill and knowledge of the relevant art, are within 
the scope of the present invention. The embodiments described hereinabove are further 
intended to explain the best mode presently known of practicing the invention and to 
enable others skilled in the art to utilize the invention in such or in other embodiments 
and with various modifications required by their particular application or use of the 
invention. It is intended that the appended claims be construed to include the alternative 
embodiments to the extent permitted by the prior art. 
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